Abstract-This paper proposes an efficient peak-to-average power ratio (PAPR) reduction method for multicarrier code division multiple access (MC-CDMA) signals by decreasing the possibility of peaks of the subcarriers signals to occur at the same time. The achieved results confirm that the proposed method is capable of reducing the PAPR significantly and, therefore, of improving error performance of the system. Index Terms-CDMA, MC-CDMA, OFDM, PAPR.
I. INTRODUCTION
Mobile radio communication systems are required to provide high-quality multimedia services to mobile users. To meet these requirements, modern mobile systems must be able to support high capacity and variable bit rate transmission with bandwidth efficiency to conserve the limited spectrum resource. Recently, MC-CDMA gained a lot of attention for future generation of wireless communication systems. MC-CDMA is a hybrid combination of two access techniques, orthogonal frequency division multiplexing (OFDM) and Code Division Multiple Access (CDMA) in hopes to take advantage of two techniques. CDMA is a multiplexing technique where different users share the same frequency band at the same time. Recently, CDMA technique has been considered a candidate that requires fast and reliable data transfer to support multimedia services, video conferencing and more applications. 3G systems will operate at 2GHz region thus able to provide up to 2Mbps. On the other hand, OFDM is considered a solution for the selectivity of the channel. This gives the ability for transmitting high data rate in fading environment [1, 2] . MC-CDMA poses high peak-to-average power ratio (PAPR) problem, as a consequence of independently modulated carriers. To be able to handle these occasional large peaks, a high-power amplifier with linear characteristics over a large dynamic range is required. This brings disadvantages like an increased complexity of the ADC and DAC converters and a reduced efficiency of the power amplifier because the power consumption of a high-power amplifier largely depends on its peak power output rather than the average power output [3] .
On the other hand, if the high power amplifier does not handle high peaks (i.e., behaves nonlinearly), the resulting signal clipping will cause out-of-band radiation and Manuscript received March 25, 2010. degradation of the performance [4] .
In literature, a variety of PAPR reduction techniques have been proposed. Clipping the OFDM signal in the transmitter [5] , the tone reservation method [6] , partial transmit sequences algorithm (PTS) [7, 8] , selected mapping algorithm (SLM) [9] , pulse shaping [10] , random phase updating [11] , subblock phase weighting scheme [12] , linear scaling [13] and precoding [14] . All of these techniques done for OFDM signals only and little bit of them take MC-CDMA signal in consideration.
In this paper, we propose new technique to change the location of subcarriers to symbols that produces the smallest PAPR. This paper is organized as follows. In section II we define the PAPR of an MC-CDMA signal, and discuss related issues. In section III, the proposed method is outlined. In section IV, the system model is shown. In section V the performance of the proposed method is presented. Section VI is devoted to discussions and conclusions.
II. MC-CDMA SIGNAL AND PAPR MODELS
The time domain MC-CDMA signal with interval 0 s t T < < and defined by [15] :
Where 
D is a vector that expresses the data of the ith block of size P after serial to parallel conversion, D defined as:
C is a vector that expresses the spreading code for the kth user. n f is the n th subcarrier frequency that equals n f Δ .
Note that the subcarrier frequency separation is
PAPR is defined as the ratio of the peak instantaneous power and the average power, this mathematically can be expressed as [15, 16] :
A Novel Method This means that it is not necessary for the set of subcarriers to be arranged in ascending order. Based on this, a search for suitable sets of subcarriers is performed with the objective of finding the set that produces the lowest PAPR.
To illustrate the proposed method procedure above, let us assume a default MC-CDMA system, with block size P equal to 32, 31 this criterion, we maintain orthogonality between subcarriers; because the minimum separation between subcarriers is preserved. In addition, the bandwidth is not changed by using the proposed method, and no bandwidth expansion is incurred.
Comparing the default and shuffled sets of subcarriers in the example above reveals that the process of assigning subcarriers to data symbols is no longer a pure inverse fourier transform (IFFT) operation. The IFFT block has to be replaced with another block. This also means that the FFT block in the receiver should be changed. We can replace the discrete Fourier transform by what may be called the "generalized discrete Fourier transform" (GDFT) block.
IV. SYSTEM MODEL Two blocks diagram of the modified MC-CDMA transmitter and receiver with u K active users are shown in figures 1 and 2 respectively. The MC-CDMA transmitter configuration for the kth user is shown in figure 1 . After serial-to-parallel conversion of P symbols, the pth symbol of the kth user in the ith block is spread by user-specific spreading code. The data is converted back into serial data. Then guard interval is inserted to combat ISI. Finally the signal is digital to analog converted and unconverted for transmission. Rayleigh distribution for the fading channel model was assumed.
The MC-CDMA receiver configuration for the kth user is shown in Figure 2 . The received signal is first downconverted, and the cyclic prefix is removed. Then, the data is serial-to-parallel converted. After that, the signal is transformed using GDFT to be ready for despreading. In simulation we consider other users at different SNR. Then the data is ready to be detected. MatLab was selected as the simulation tool to implement the modified MC-CDMA system.
V. PERFORMANCE COMPARISONS
We use computer simulations to evaluate the performance of the proposed PAPR reduction techniques. To measure the performance for the proposed techniques, we use the PAPR complementary cumulative density function (CCDF) and the PAPR histogram. The CCDF displays the probability of the PAPR exceeding a certain value, while the histogram displays the distribution of PAPR values.
Ten thousand blocks of size P=32 were generated randomly to obtain the CCDFs. Every symbol from the P symbol is spread using spreading code. Then each chip is modulated using one subcarrier from MC N PG = subcarriers. BPSK data modulation was assumed. Figure 3 shows PAPR CCDFs for the default set of subcarrier frequencies that were used in conventional MC-CDMA and the new set of subcarrier frequencies that were used in modified MC-CDMA. We clearly note that the new set of subcarriers gives lower PAPR than the default set of subcarriers. Great improvement has occurred.
For the same case presented above figure 4 shows the histogram for the default MC-CDMA system that uses the default set of subcarriers, and it displays the number of occurrences of different values of PAPR. We observe large values of PAPR that occur with high probability. The majority of PAPR values for the default set fall in the region between 5dB and 15dB and concentrate with high probability between 8dB and 12 dB. Figure 4 also shows the histogram for the modified MC-CDMA system that uses the new set of subcarriers. We observe that a majority of PAPR values for the new set fall in the region between 2dB and 5dB, and that large PAPR values occur with very small probability. We also note that PAPR values concentrate with high probability between 3.5dB and 4.5 dB.
To further test the proposed method, we consider MC-CDMA system that uses 16-QAM data modulation with a block size P equal to 32. Figure 5 shows PAPR CCDFs for the default set of subcarrier frequencies that were used in conventional MC-CDMA and the new set of subcarrier frequencies that used in modified MC-CDMA. Great improvement has occurred for the shuffled set of subcarriers. The findings in figure 5 is confirmed in figure 6 which shows the histogram for the modified MC-CDMA system compared with the conventional MC-CDMA. We observe that a majority of PAPR values for the shuffled set fall in the region smaller than the system uses default set of subcarriers. 
